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Rapid Quantitative Analysis of Toxic Norditerpenoid Alkaloids in Larkspur
(Delphinium spp.) by Flow Injection - Electrospray Ionization – Mass
Spectrometry
Abstract
A rapid flow injection - electrospray ionization – mass spectrometry (FI-ESI-MS) method for the
quantitative and qualitative analysis of norditerpenoid alkaloids in larkspur plants was developed. The FIESI-MS method was calibrated for alkaloid concentrations with larkspur plant samples against an existing
Fourier transform infrared spectroscopy FTIR method. There was a strong correlation (r = 0.9926, r =
0.9891) between the FTIR and FI-ESI-MS methods. The relative standard deviation (RSD) for all
measurements were ≤ 6.2 % except for the sample with the lowest concentration which was 19%. The
sample throughput of the FI-ESI-MS method is much higher than the FTIR method due to simpler sample
preparation, autosampling capabilities, and short analysis times. Finally, the FIA-ESI-MS can be used to
qualitatively analyze the alkaloids in larkspur samples since the data allows the observation of all ions
that comprise the alkaloid signals.
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INTRODUCTION
Many larkspurs (Delphinium spp.) found on the rangelands of the western United
States are poisonous to livestock, and annual losses attributed to larkspur poisoning
are valued in millions of dollars each year (Williams and Cronin, 1966; Ralphs et
al., 1988). The toxicity of larkspurs is attributed to the C19 and C20 norditerpenoid
alkaloids (Jacyno, 1996 and references therein). These compounds are potent
neuromuscular blocking agents that act at acetylcholine receptors in the muscle and
brain resulting in muscle weakness, trembling and lack of coordination, rapid heart
rate, sternal and lateral recumbency, bloating, and death. (Nation et al., 1982;
Pfister et al., 1999; Green et al., 2009).
Over 40 norditerpenoid alkaloids have been identified in larkspur species
with more than 15 alkaloids occurring in some individual plants (Olsen et al., 1990;

Figure 1. Chemical structures of some non-MSAL and MSAL [N-(methylsuccinimido)
anthranoyllycoctonine] norditerpenoid alkaloids in larkspur plants.
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Manners et al., 1992). The alkaloids have been classified into two groups; those
alkaloids which possess an N-(methylsuccinimido)-anthranilic ester functional
group at C-18 such as methyllycaconitine (4) and 14-deacetylnudicauline (5)
(Figure 1) often referred to as the MSAL alkaloids, and the non-MSAL alkaloids
which lack the N-(methylsuc cinimido) group, with examples being lycoctonine (1),
deltaline (2) and dictyocarpine (3). The MSAL alkaloids are typically one to two
orders of magnitude more toxic than the non-MSAL alkaloids (Manners et al.,
1993; 1995).
Assessment of the toxicity of the larkspur plants is critical in the
development of management practices to reduce livestock deaths due to larkspur
consumption. Since the alkaloids are the toxic principles in larkspurs, type, and
concentration of the non-MSAL and MSAL alkaloids in the plant must be
determined to evaluate the risk of grazing livestock (Pfister et al., 2002).
Gardner et al. (1997) developed a Fourier transform infrared spectroscopy
(FTIR) method capable of measuring the concentration of total alkaloids and
MSAL alkaloids in larkspur plants. The concentration of non-MSAL alkaloids can
be obtained by the difference between the measured total alkaloids concentration
and the MSAL concentration. Using this method, thousands of samples during the
last 24 years have been analyzed to evaluate the toxicity of larkspur plants, to
determine the risk of livestock to larkspur on rangelands, and to develop livestocklarkspur management strategies (Ralphs et al., 2000; Ralphs and Gardner, 2001;
Ralphs et al., 2002). Subsequently, a rapid flow injection - electrospray ionization
– mass spectrometry (FI-ESI-MS) method for the screening of larkspur plants for
toxic alkaloids was reported (Gardner et al., 1999). This method had been used
extensively to characterize different chemotypes associated with larkspur species
(Gardner et al., 2002; Cook et al., 2009; Cook et al., 2017). In addition, the
potential of using this method for the quantitative analysis of the non-MSAL and
MSAL alkaloids in larkspur plants was also presented (Gardner et al. 1999).
In an effort to automate and decrease the total analysis time, with respect
to the FTIR method, we investigated the use of the previously reported FI-ESI-MS
method for the analysis of larkspur alkaloids in plants (Gardner et al., 1999).
Herein, we report a modification of the reported FI-ESI-MS method (Gardner et
al., 1999) for the rapid analysis of non-MSAL and MSAL alkaloids in larkspur
plants.
MATERIALS AND METHODS
Plant material. Eighteen samples of Delphinium barbeyi that cover the typical
range of alkaloid levels observed in native plant populations that were used in the
development of the FTIR method (Gardner et al., 1997) were selected as standards
for correlation of the FTIR method with the FI-ESI-MS method. Delphinium plant
material CNT (89-3) was used as a control sample for the FTIR method for over 24
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years (Gardner et al., 1997). The concentrations of the total alkaloids and MSAL
alkaloids has not changed over this period. The total alkaloids and MSAL alkaloids
in the CNT (89-3) control sample were calculated from 20 random FTIR
measurements of the CNT (89-3) control sample run over the last 24 years and
resulted in values of 30.7 ± 2.7 total alkaloids and 10.0 ± 0.4 MSAL alkaloids. The
CNT (89-3) Delphinium plant material was therefore defined as 30 mg/g total
alkaloids and 10 mg/g MSAL alkaloids for the FI-ESI-MS method described
herein. Therefore, the non-MSAL alkaloids in this standard material is 20 mg/g by
subtraction of the MSAL alkaloids from the total alkaloids.
Sample preparation. FI-ESI-MS analysis of the alkaloids in larkspur plant
material was based on a previously published method (Gardner et al., 1999). Plant
samples and standard plant material, CNT (89-3), were weighed (100 mg) into 7
mL screw-top vials and extracted with 5.0 mL of extraction solvent composed of
ethanol/H2O (80:20) containing an internal standard spartiene (100 µg/mL) by
mechanical rotation using the Rugged Rotator (Glas Col, LLC) for 16 h. The
samples and the standard plant material, CNT (89-3), were centrifuged (5 min; 2570
g). A 25 µL aliquot of the sample extract was diluted into ethanol/H2O (975 µL;
50:50 v:v) in an autosample vial and the vial inverted (5X). Three samples (MR24, MR-41, and MR-169) were weighed, extracted, and analyzed 5X each to
evaluate the variation in the method. Standard curves were prepared by extraction
of 200 mg CNT (89-3) in extraction solution. This extract was centrifuged and
serially diluted 6X in the extraction solution. The second to the last dilution was
removed. A 25 µL aliquot of the 200 mg CNT (89-3) extraction and the remaining
5 serial dilutions were diluted into ethanol/H2O (975 µL; 50:50 v:v) in autosample
vials and the vials inverted (5X) resulting in a 6 point standard curve over the range
of 0.625-20 mg/g MSAL alkaloids and 1.25-40 mg/g non-MSAL alkaloids.
FIA-ESI-MS. The carrier stream, acetonitrile/0.1% formic acid (50:50;
v:v), at flow rate of 0.400 mL/min was delivered using an Agilent 1200 series
HPLC (Agilent Technologies, Santa Clara, CA). Samples were injected (2 µL)
using an Agilent 1200 series autosampler and introduced via the carrier stream
directly into the heated electrospray ion source of a VELOS PRO LTQ (Thermo
Scientific) mass spectrometer calibrated as per the manufacturer’s instructions and
with a scan range 200 - 800 Da and operated in the positive mode with a capillary
temperature of 275 °C, source heater temperature of 300 °C, sheath gas flow 40
arbitrary units, auxiliary gas flow 10 arbitrary units, source voltage 3.5 kV, and
source current 100 μA. The run time was 2.0 min.
Area under the curve (AUC) of non-MSAL alkaloids were determined from
the reconstructed ion chromatogram over the mass range of m/z = 320-630. AUC
of MSAL alkaloids were determined from the reconstructed ion chromatograms
over the mass range of m/z = 650-750. The AUC of the internal standard, sparteine,
were determined from the reconstructed ion chromatogram of the ion at m/z = 235.
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Non-MSAL and MSAL alkaloids in larkspur plant material were quantitated
against the CNT (89-3) standard curves. Total alkaloid concentration was obtained
by the addition of the concentrations of non-MSAL and MSAL determined by the
FIA-ESI-MS method.
RESULTS AND DISCUSSION
The FI-ESI-MS method for the qualitative and quantitative analysis of non-MSAL
and MSAL alkaloids in larkspur plants is based on a previously reported method
(Gardner et al., 1999). There are several differences from the method previously
described including the use of sparteine in place of reserpine as the internal
standard. The carrier stream was changed to 0.1% formic acid/acetonitrile (50:50,
v:v) from 1% acetic acid/MeOH (50:50, v:v). The flowrate, injection volume, and
run time were reduced to 0.400 mL/min, 2.0 µL, and 2 min, from 0.500 mL/min,
20 µL, and 5 min, respectively. In the previously reported FI-ESI-MS method,
deltaline (2) and methyllycaconitine (4) were used as the calibration standards for
all non-MSAL and MSAL alkaloids, respectively. For example, both the non-
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Figure 2. Reconstructed ion chromatograms from an ethanol/H2O (80:20 v:v) extract of
Delphinium barbeyi plant: (A) m/z 320-630, non-MSAL alkaloids; (B) m/z 650-750, MSAL
alkaloids. (C) Electrospray mass spectrum of the Delphinium barbeyi plant extract. IS is the
internal standard (sparteine).
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MSAL alkaloids, deltaline (2) and dictyocarpine (3), were quantitated against a
deltaline (2) standard curve, while the MSAL alkaloids, methyllycaconitine (4) and
14-deacetylnudicauline (5) were quantitated against a methlyllycaconitine (4)
standard curve. To determine the total MSAL concentration, each MSAL alkaloid
present in the larkspur sample (i.e. methlyllycaconitine (4), 14deacetyllnudicauline (5), etc.) was individually quantitated against the
methlyllycaconitine (4) standard curve and then added resulting the total MSAL
concentration of the larkspur sample. In the method describe herein, the calibration
standard is Delphinium plant material CNT (89-3) that contains 30 mg/g total
alkaloids and 10 mg/g MSAL alkaloids as determined by a quantitative FTIR
method (Gardner et al., 1997). The non-MSAL and MSAL standard curves are
made from extraction and dilutions of the CNT (89-3) plant material, thus
providing standards in a larkspur plant-based matrix. The non-MSAL and MSAL
alkaloids are quantitated from the AUC of the reconstructed ion chromatograms of
all ions over the range of m/z = 320-630 and m/z = 650-750, respectively (Figure
2A, 2B). The internal standard (IS) AUC is calculated from the reconstructed ion
chromatogram of protonated sparteine (m/z = 235). The non-MSAL and MSAL
reconstructed ion chromatogram ranges were determined by the highest and lowest
reported molecular weights for non-MSAL and MSAL alkaloids (Jacyno, 1996 and
references therein).
The currently employed FTIR method measures the concentration of the
MSAL alkaloids and the total alkaloid concentration in larkspur plant samples
(Gardner et al., 1977). To accomplish these measurements, the larkspur plant
samples are quantitively weighed and then undergo an acid/base extraction
procedure to isolate the alkaloid fraction of the samples. The chloroform extract
containing the larkspur alkaloid fraction is evaporated from the samples. The
samples are then reconstituted in a measured amount of carbon disulfide and
individually transferred to a liquid IR cell. The IR absorbance spectra of the sample
is then collected with an FTIR and the concentration of the MSAL and total
alkaloids are determined from the measured absorption at defined wavelength
regions of the IR spectrum (Gardner et al., 1997).
Figure 3A shows the correlation of the concentration of total alkaloids in 18
larkspur samples as determined from the FIA-ESI-MS method with the FTIR
method. This data shows a strong correlation between the two methods with r =
0.9926. Figure 3B shows the correlation of the concentration of MSAL alkaloids in
18 larkspur samples as determined from the FIA-ESI-MS method with the FTIR
method. This data also shows a strong correlation between the two methods with r
= 0.9891. The slope of linear regression equations for total alkaloids and MSAL
alkaloids between the FIA-ESI-MS and FTIR data are both less than 1. In addition,
the intercept of the linear regression equations are greater than zero. This may be
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explained due to the fact that the mass spectrum of any sample or even solvent
blank contains background ions that are not attributed to norditerpenoid alkaloids
from the sample. Three different samples were analyzed in replicate (5X) to

A

B

Figure 3. Correlation of the concentration of: (A) total alkaloids in larkspur samples as
determined from the FIA-ESI-MS method with the FTIR method; (B) MSAL alkaloids in
larkspur samples as determined from the FIA-ESI-MS method with the FTIR method.
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evaluate the variation in the method, the total alkaloid mean concentration ranged
from 18.8 to 36.6 mg/g and the total MSAL concentration ranged from 1.94 to 12.5
mg/g (Table 1). The standard deviations for total alkaloids ranged from 0.64 to
0.98 while the standard deviations for MSAL alkaloids ranged from 0.36 to 0.44.
The relative standard deviation for all measurements was ≤ 6.2% except for the
sample with the lowest concentration (MR-169) which was 19%. The limits of
detection (LOD) were 3X the signal to noise of a sample containing only the
internal standard and were found to be 0.60 mg/g for the non-MSAL alkaloids and
0.30 mg/g for MSAL alkaloids. These data demonstrate that the FIA-ESI-MS
method can be used to determine the concentration of total alkaloids and MSAL
alkaloids in larkspur samples.
Although, the FTIR method has been used to analyze thousands of larkspur samples
to evaluate the toxicity of plants, to determine the risk of livestock to larkspur on
rangelands, and to develop livestock-larkspur management strategies (Ralphs et al.,
2000; Gardner and Pfister, 2000; Ralphs and Gardner, 2001; Ralphs et al., 2002)
Table 1.
The average concentration, standard deviation, and relative standard deviation of total alkaloids
and MSAL alkaloids from three different Delphinium barbeyi plant samples analyzed in replicate
by FIA-ESI-MS.
Sample
n=5
MR-24
MR-41
MR-169

Total Alkaloids (mg/g)
Avg
SD
36.6
0.98
36.4
0.64
18.8
0.97

RSD
2.7
1.7
5.2

MSAL Alkaloids (mg/g)
Avg
SD
12.5
0.44
5.9
0.36
1.94
0.36

RSD
3.6
6.2
19

the FIA-ESI-MS method does offer advantages. The sample preparation
procedures for the FTIR analysis including the acid/base extraction procedure, the
evaporation and reconstitution of the extracted sample and the manual filling of the
IR cell, data collection, subsequent removal of the sample from the IR cell, cleaning
the IR cell, and evaporation of solvent used to clean and rinse the IR cell takes a
significant amount of time. In addition, these manual manipulations of the sample
have the potential to introduce error in the analysis. In contrast, with the FIA-ESIMS method, manual manipulation of the sample is minimized to a one step
extraction and subsequent dilution of the extract into the carrier solution. This
simple sample preparation procedure when coupled with the autosampling
capabilities and the 2 min. run time of the FIA-ESI-MS method dramatically
decreases the analysis time. We estimate the throughput of analysis to be
approximately 10X faster using the FIA-ESI-MS method compared to the FTIR
method.
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The qualitative information of the larkspur samples obtained from the FTIR
method is limited to concentration of total alkaloids and MSAL alkaloids. The total
non-MSAL alkaloids can be obtained by the difference between the total alkaloids
and MSAL alkaloids. The FTIR method offers no information about the individual
alkaloids in the larkspur sample. The FIA-ESI-MS method allows the observation
of all the MH+ ions of the alkaloids and relative concentrations of each of the
individual alkaloids in the larkspur sample. Figure 2C shows the electrospray mass
spectrum of a Delphinium barbeyi plant extract. The major non-MSAL and MSAL
alkaloids in this extract are deltaline (2) (MH+ = 508) and methyllycaconitine (4)
(MH+ = 683), respectively. Several possible minor non-MSAL alkaloids can be
observed including lycotonine (1) / browniine / delsoline, MH+ = 468;
dictyocarpine (3), MH+ = 494; 14-acetyldictyocarpine, MH+ = 536; glaucenine /
barbasine, MH+ = 578 and the MSAL alkaloid, 14-deacetylnudicauline, MH+ = 669.
Suggested alkaloid identifications are based on their molecular weights and that
these alkaloids have been previously identified in Delphinium barbeyi. The
information regarding the identity and relative concentrations of the alkaloids in the
sample can be of interest in the analysis of new plants and where unique masses
may provide initial evidence of alkaloids not previously observed or described.
In conclusion, the FIA-ESI-MS correlates well with the previously utilized
FTIR method and can be used to determine the concentrations of the non-MSAL
alkaloids and MSAL alkaloids in larkspur plants. Total alkaloids can be obtained
by the addition of the concentrations of non-MSAL and MSAL alkaloids. The
sample preparation procedure is faster and requires less manipulation of the sample
than the FTIR method, thus minimizing error. In addition, the FIA-ESI-MS data
allows the observation of the ions that comprise the non-MSAL and MSAL peaks.
The FIA-ESI-MS method will be beneficial in studies that require large numbers of
plant samples and/or replicates.
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